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STRUCTURE  AND  PROPERTIES  OF  CHALCOGENIDE  GLASSES 
IN  THE  SYSTEM  (As2S3)i.x(Sb2S3)x 


F.  Sava 

National  Institute  of  Materials  Physics 
Bucharest-Magurele,  P.O.  Box  MG.  7,  Romania 

The  glass  system  (As2S3)i.x(Sb2S3)x , 0<x<0.65,  has  been  studied  by  X-ray  diffraction  and 
microhardness  measurements.  The  long-time  irradiation  of  the  samples  by  ultraviolet  rays  has 
been  carried  out  and  its  structural  effect  was  investigated.  The  substitutional  model  and  the 
microphase  separation  model  have  been  discarded.  A new  intermediate  model,  whose  main 
feature  is  the  formation  of  mezoscopic  Sb2S3  clusters,  has  been  advanced. 

(Received:  May  20,  2001;  accepted  June  7,  2001) 

Keywords:  Chalcogenide  glass,  Arsenic-antimony  trisulfide,  X-ray  diffraction,  Microhardness 


1.  Introduction 

The  chalcogenides  glasses  are  important  due  to  their  remarkable  properties,  which  make  them 
useful  in  optoelectronics  for  infrared  elements  and  devices  for  acusto-optic  devices,  for  electrical  switches, 
holography  and  information  storage  media  [1,2].  Arsenic  trisulfide  (AS2S3)  is  the  most  studied 
chalcogenide  glass  and  deserves  applications  in  infrared  optics  and  optical  coatings  because  of  its  excellent 
IR  transmission,  large  glass-forming  tendency,  and  resistance  to  moisture  and  chemicals  [3].  Antimony 
trisulfide  (Sb2S3)  and  the  non-stoichiometric  compositions  (as  e.g.  SbS4)  prepared  as  thin  amorphous  films 
have  found  applications  for  information  storage  media  [4].  A graded  refractive  index,  which  is  required  in 
some  applications,  may  be  produced  in  the  non-crystalline  As2S3  of  both  bulk  and  thin  film  forms  by 
gradually  replacing  the  arsenic  component  with  chemically  similar  antimony  atoms  [5],  This  approach  will 
fail  if  the  resultant  glass  crystallizes  or  undergoes  a gross  phase  separation,  because  these  phenomena 
cause  light  scattering.  The  glass-forming  tendency  is  very  different  in  As2S3  and  Sb2S3.  While  for  As2S3, 
even  melt  cooling  by  simply  removing  the  sample  from  the  furnace  at  room  temperature,  the  glassy  Sb2S3 
can  be  obtained  only  for  high  cooling  rates  by  using  the  so-called  splat-cooling  techniques  [6].  A special 
method  for  getting  glassy  Sb2S3  by  a conventional  melt  quenching  method  was  demonstrated  by  Dalba  et 
al.  [7].  If  Sb2S3  is  added  to  As2S3  then  the  glass-forming  ability  of  the  mixture  is  greatly  enhanced  and, 
thus,  a broad  range  of  glassy  As2S3-Sb2S3  alloys  is  obtained.  Although  the  structure  of  the  non-crystalline 
state  in  the  binary  system  As2S3  and  Sb2S3  is  satisfactorily  known,  the  atomic  configuration  in  the  alloys 
As2S3-Sb2S3  is  controversial.  Some  authors  interpreted  the  EXAFS,  XANES,  IR  data  and  the  Mossbauer 
experimental  data  on  the  atom  121Sb  in  the  frame  of  a model  with  random  substitution  of  the  arsenic  atoms 
by  antimony  atoms  with  the  formation  of  As-S-Sb  bridges  [8-1 1].  Other  authors  interpreted  the  IR,  XRD, 
crystallization  kinetics  and  optical  gap  data  in  the  frame  of  a model  with  mixture  of  As2S3  and  Sb2S3 
microphases  exhibiting  weak  interaction  or  without  interaction  at  all  [5,  12,  13].  The  effect  of  the  light  of 
energy  above  the  gap,  in  particular  ultraviolet  radiation  in  the  system  As2S3-Sb2S3  is  poorly  investigated. 
Hayashi  et  al.  [14]  have  shown  that  in  As2S3  and  other  chalcogenide  glasses  the  UV  irradiation  produces  a 
change  in  the  optical  absorption  edge,  two  orders  of  magnitude  higher  than  for  the  band-gap  irradiation. 
While  in  the  last  case  the  photodarkening  is  caused  by  changes  in  atomic  coordinations  [14]  and  positions 
resulting  from  exciting  lone  pair  electrons,  in  the  case  of  UV  irradiation  an  Auger  process  may  take  place, 
too,  and,  therefore,  bond  breaking  or  ionisation  of  atoms  are  more  easy  to  occur,  leading  to  layer  change  in 
local  structure  of  the  non-crystalline  network.  In  this  paper  are  reported  the  results  obtained  in  the  study  of 
the  glassy  system  (As2S3)i.x(Sb2S3)x  0<x<0.65  by  X-ray  diffraction  and  microhardness  measurements.  A 
structural  model  for  the  glassy  materials  was  proposed. 

2.  Experimental 

Glasses  were  prepared  by  melting  stoichiometric  mixtures  of  glassy  As2S3  and  polycrystalline 
Sb2S3  in  sealed  silica  ampoules,  previously  evacuated  at  10'5  Torr.  Melting  was  carried  out  at  850  °C  for  ~ 
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8 hours  in  a rotating  furnace  in  order  to  ensure  homogeneity.  Glasses  were  then  obtained  by  water- 
quenching the  silica  ampoules.  The  following  glassy  ingots  were  obtained:  (As2S3)i.x(Sb2S3)x  x = 0;  0.05; 
0.25;  0.45  and  0.65. 

The  densities  of  the  ingots  were  determined  by  the  Archimede's  method.  The  microhardness 
of  the  ingots  were  determined  with  a PMT-3  tester  provided  with  diamond  indentation  prism.  Indentation 
loads  between  10  g and  50  g were  used.  The  structure  of  the  samples  has  been  determined  by  X-ray 
diffraction  in  a TUR-M62  diffractometer  equipped  with  a copper  target  tube.  The  samples  were  prepared 
by  grinding  chunks  of  ingots  in  a mortar  and  then  pressing  the  powder  in  a special  support  to  be  mounted 
in  the  diffractometer.  The  X-ray  diffraction  patterns  for  every  sample  were  recorded  in  the  frame  of  a step 
by  step  method  with  the  measuring  time  per  angular  position  of  40s.  The  angular  step  was  0.05°.  The 
parameters  of  the  first  sharp  diffraction  peak  (FSDP)  were  carefully  extracted  by  a computing  procedure. 
The  whole  X-ray  diffraction  curves  measured  in  the  range  7.25°-74.25°  (0)  were  processed  and  the  radial 
electron  density  distribution  curves  (REDD)  were  obtained  with  special  computing  programs  written  in 
FORTRAN  language. 

3.  Results 

3.1  Density 

The  exact  values  of  the  densities  of  the  chalcogenide  glasses  are  important  both  for  the 
computation  of  the  radial  electronic  density  distribution  curves  and  for  the  explanation  of  the 
photostructural  effects  which  are  in  many  cases  accompanied  by  volume  changes  [15,16]. 

Moreover,  in  order  to  check  various  models  of  the  atomic  scale  structure  it  is  necessary  to  have 
accurate  determinations  of  the  material  density. 

The  densities  of  the  glassy  ingots  have  been  determined  by  the  Archimede's  method.  Special 
attention  was  paid  to  the  elimination  of  air  bubbles  during  immersion  in  water.  The  accuracy  of  the  mass 
determination  was  ±0.0001g,  and  the  accuracy  of  the  densities  was  ±0.01g/cm3.  The  results  are  shown  in 


Fig.  1 . The  density  of  the  glassy  samples  in  the  Fig.  2.  The  microhardness  in  the  glassy  system 

system  (As2S3),.x(Sb2S3)x;  (As2S3),.x(Sb2S3)x; 

— Theoretical  densities  in  the  case  of 
phase  mixture  (As2S3  and  Sb2S3). 

While  the  theoretical  curve  for  the  case  of  the  mechanical  mixture  of  two  phases  (As2S3  and 
Sb2S3)  corresponds  to  the  linear  variation  with  x of  the  densities,  the  experimental  values  show  a 
significant  deviation  from  the  linearity  in  the  glass-forming  region.  This  effect  speaks  in  favour  of  the 
preserving  of  the  basical  structural  arrangement  of  As2S3  during  alloying  with  Sb2S3  for  the  range  of  the 
possible  glassy  state  in  the  system  As2S3-Sb2S3  for  the  range  of  glassy  alloys.  For  x = 0.65  the  density  of 
the  sample  approaches  that  corresponding  to  a mixture  of  arsenic  and  antimony  based  sulfides.  The  Sb2S3 
density  was  that  reported  in  [6], 

3.2.  Microhardness 

One  of  the  parameters,  which  offer  informations  on  the  strength  of  the  interatomic  bonds,  is 
the  microhardness.  The  microhardness  of  the  glassy  ingots  was  determined  with  the  help  of  a PMT-3 
microhardness  tester  provided  with  diamond  indentation  prism.  The  tester  gives  the  hardness  in 
Vickers  (Kgf/mm2)  or  in  gigapascals  (GPa).  The  hardness  values  of  the  glassy  samples  in  the  system 
As2S3-Sb2S3  are  situated  in  the  range  120-190  kgf/mm2).  Large  number  of  indentations  (20-30)  has 
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been  performed  for  50  g load.  The  mean  value  of  the  hardness  was  taken  as  the  experimental  value. 
An  accuracy  of  ± 5 Kgf/mm2  was  estimated  from  the  distribution  of  the  measured  hardness  values. 
Fig.  2 shows  the  glass  microhardness  in  the  system  As2S3-Sb2S3  as  a function  of  Sb2S3  concentration. 

Hardness  measurements  involve  complex  flow  mechanisms;  the  observed  increase  of 
hardness  with  x indicates  structural  changes  leading  to  smaller  molecular  or  configurational  mobility. 

3.3  X-ray  diffraction 

3.3.1  First  sharp  diffraction  peak 

The  X-ray  diffraction  patterns  of  the  chalcogenide  compounds  and  alloys  exhibit  as  a 
fundamental  feature  a narrow  diffraction  peak  situated  at  low  diffraction  angles.  Figure  3 shows  the 
experimental  X-ray  diffraction  curves,  smoothed  and  aligned  in  order  to  evidence  the  changes 
produced  when  antimony  substitutes  arsenic  in  glassy  alloys.  A strong  decrease  of  the  first  peak  with 
the  composition  x is  observed. 


e (°) 


Fig.  3.  X-ray  diffraction  patterns  for  glassy  samples  in  the  system  (As2S3)1.x(Sb2S3)x. 

This  first  sharp  diffraction  peak  (FSDP)  was  explained  as  a "signature"  of  the  medium  range 
or  intermediate-range  order  in  the  non-crystalline  matrix.  In  the  investigated  compositions  FSDP 
exhibits  significant  modifications  a function  of  antimony  content.  Three  parameters  have  been 
carefully  measured:  the  peak  area,  peaks  position  on  the  angular  scale  and  peak  width.  The  last  two 
parameters  allow  for  calculation  of  the  quasi-periodicity,  d,  and  the  correlation  size,  D,  in  the 
material,  respectively.  Fig.  4 shows  the  results. 


Fig.  4.  The  evolution  of  FSDP  characteristics  when  As  atoms  are  substituted  by  Sb  in  the  glass- 
forming domain  of  the  pseudo-binary  system  (As^h.^SbaSa)*. 
a-  FSDP  integral  intensity  (area);  b-  Quasi-periodicity,  d;  c-  Con-elation  length,  D. 


The  area  of  the  FSDP  strongly  decreases  with  x.  The  quasi-periodicity  in  the  glass  raises  up  to 
x = 0.45,  then  decreases.  The  correlation  length,  that  is  related  to  the  range  of  ordering  of  large 
configurational  entities  increases  with  x. 
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3.3.2  Radial  electron  density  distribution  (REDD) 


The  method  based  on  the  calculation  of  the  so-called  radial  distribution  function  is  the  most 
powerful  technique  used  to  determine  the  local  structure  of  non-crystalline  materials. 

The  measured  X-ray  diffraction  intensities  for  the  largest  possible  angular  theta  range  (7.25- 
74.25)°  were  corrected  for  polarization  and  then  converted  into  electron  units.  The  reduced 
interference  function  i(Q)  where  Q = (4rcsin0)/X  was  calculated  from  the  corrected  and  converted  I,  as 
follows: 


m = 


< r 


(i) 


< / >2 

where  <f>  stands  for  the  mean  atomic  scattering  factor  averaged  over  the  atomic  concentrations. 
By  a Fourier  transformation  of  Qi(Q)  the  correlation  function  G(r)  is  obtained: 


G(r)  = — ] Qi(Q ) sin (Qr)dQ  (2) 

n o 

Both  the  REDD(r)  and  the  pair  distribution  function,  g(r),  can  be  calculated; 

REDD(r)  = 47tr2p0  + rG(r)  = 47tr2p0g(r)  (3) 

where  p0  is  the  mean  electronic  distribution  density.  The  Fourier  transformation  was  carried  out  in  the 
range  Q = 1 .03  to  Q = 7.84  A'1. 

Fig.  5 shows  the  REDD  curves  obtained  for  the  investigated  glassy  composition. 


r(A) 


Fig.  5.  The  radial  electron  density  distribution  curves  in  the  system  (As2S3)].x(Sb2S3)x 
^cuKa=F54  A.  Integration  range:  1.03  + 7.84  A'1. 


The  most  important  characteristic  of  the  REDD  curves  are  related  to  the  position,  area  and 
breadth  of  the  first  3-4  peaks. 

Careful  analysis  of  the  REDD  curves  allowed  for  getting  the  numerical  data  in  Table  1. 


Table  1.  The  most  important  characteristic  of  the  REDD  curves  in  the  system  (As2S3)i.x(Sb2S3)x. 


Sb2S3 

(x) 

First  coordination  peak 

Second  coordination  peak 

r2/r  i 

n(A) 

Half  breadth 
o(r,) 

Area 

(u.e.) 

d(A) 

Half 

breadth 

o(r2) 

Area 

(u.e.) 

0.00 

2.250 

0.588 

1456 

3.460 

0.600 

3827 

1.538 

0.05 

2.274 

0.558 

1493 

3.451 

0.584 

3984 

1.518 

0.25 

2.349 

0.606 

2005 

3.563 

0.597 

5227 

1.517 

0.45 

2.325 

0.597 

2156 

3.539 

0.617 

5628 

1.522 

0.65 

2.361 

0.587 

2407 

3.55 

0.577 

6093 

1.504 
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4.  Discussion  and  structural  model 

X-ray  diffraction  data  have  been  reported  for  As2S3  glass  by  a number  of  workers  [17,  18]. 

There  is  general  agreement  that  the  As-S  bond  length  is  similar  to  that  in  the  crystal  and  that 
the  radial  distribution  functions  are  consistent  with  three  fold  coordination  of  sulfur  atoms  about 
arsenic  atoms.  Yhe  existence  of  a sheet-like  structure  in  the  glass  has  been  suggested  on  the  basis  of 
the  correspondencin  position  of  the  FSDP  and  the  (020)  reflection  of  orpiment  (c-  As2S3),  but  there  is 
no  feature  in  the  RDF  for  the  glass  corresponding  to  the  cross  ring  c0  distance  in  the  crystal,  showing 
that  the  sheets  are  more  or  less  disordered  in  the  glass.  Chemical  and  difraction  studies  on  a variety  of 
glass  compositions  in  the  arsenic-sulfur  system  [18]  have  shown  that  the  presence  of  arsenic  in  excess 
of  the  As2S3  composition  increases  the  layer  separation  in  glass,  while  sulphur  in  excess  gives  rise  to 
discrete  S8  rings. 

The  crystalline  structure  of  Sb2S3  is  a complex  one.  Atoms  forms  thread-like  molecules, 
neighbouring  molecules  are  coupled  to  form  a ribbon  along  the  b axis.  The  band  themselves  are 
combined  into  layers  (double  ribbons)  which  are  parallel  to  the  b-axis.  The  double  ribbons  have  the 
composition  (Sb4S6)„.  The  ribbons  represent  deformed  positions  of  a rock  salt  structure,  somewhat 
reminiscent  of  the  SnS  structure.  The  coordination  number  of  the  Sb  atoms  is  hard  to  define,  it  is  at 
least  three  [19]. 

For  the  Sb2S3  glass,  Zacharov  and  Gerasimenko  [20]  reported  the  number  of  S(Sb)  atoms 
surrounding  a Sb(S)  atom  as  4(2.7).  The  higher  coordination  numbers  that  in  the  corresponding 
crystalline  phase  were  explained  as  a result  of  the  absent  atoms  at  the  distances  3.15  A and  3.20  A 
which  reflects  the  manner  of  joining  Sb-S-Sb-S  ...  chains  into  ribbons. 

Tatarinova  [21]  has  shown  from  electron  diffraction  data  on  thin  Sb2S3  amorphous  films  that 
the  number  of  S(Sb)  atoms  surrounding  a Sb(S)  atom  was  6(4).  A dense  octahedral  packing  of  Sb  and 
S atoms  was  proposed.  Resetnik  [22]  reported  coordination  numbers  5.9(3.95)  for  an  amorphous 
Sb2S3  film. 

As  regarding  the  system  As2S3-Sb2S3  Tichy  et  al.  [23]  have  shown  that  in  the  first 
approximation  it  is  a nearly  ideal  solution  of  the  As2S3  and  Sb2S3  microstructural  species,  while 
Kawamoto  and  Tsuchihashi  [12]  concluded  from  the  results  of  the  study  of  the  various  properties  and 
structure  of  glasses  that  the  structure  is  composed  of  As2S3  and  Sb2S3  regions  which  are  joined 
together  by  linkages  like  As-S-Sb.  On  the  other  hand  Vinogradova  [24]  has  shown  from  the  diagram 
of  state  that  in  the  system  takes  place  eutectic  interaction  because  the  eutectics  is  degenerated.  The 
system  do  not  have  solid  solution  region,  nor  ternary  compounds.  The  liquidus  curve  shows  the 
tendency  to  separation  in  the  system  [24], 

The  FSDP  measures  the  spacing  in  layered  molecular  clusters  (quasi-periodicity)  or  can  be 
associated  with  certain  forms  of  long-range  order  in  the  structure  [25].  The  ordering  of  the  quasi- 
layers is  measured  by  the  correlation  length,  D.  The  increase  of  D with  x shows  an  increasing  ordering 
when  Sb2S3  is  added  to  As2S3. 

The  quasi-periodicity  increases  up  to  x = 0.5  (Fig.  3.b).  This  seems  to  be  the  limit  of  insertion 
of  Sb  into  the  As2S3  network  (by  substituting  As).  Then  Sb  dominates  and  so  the  typical  Sb2S3 
structure  imposes  its  pattern  to  the  amorphous  alloy. 

It  is  remarkable  that  the  REDD  curves  (fig. 5)  show  a well  evidenced  peak  at  distances  as  high 
as  -5.5  A and  this  MRO  feature  can  be  related  to  the  particular  feature  in  the  diffraction  pattern  at  the 
position  of  FSDP. 

The  above  described  features  can  be  related  to  the  evolution  of  density  with  x.  The  deviation 
of  p from  the  linear  low  corresponding  to  the  model  with  phase  separation  can  be  explained  by  the 
model  with  substitution  of  As  by  Sb  when  the  As-S  bonding  length  becomes  smaller  as  shown  by 
Durand  et  al.  [26]  (from  2.286  A for  x = 0 to  2.283  A for  x = 0.75).  So,  the  density'  becomes  higher 
than  for  the  case  of  simple  substitution.  For  x>0.5  the  density  tends  to  the  value  with  a mixture  of 
glassy  microphases:  As2S3  and  Sb2S3. 

The  weak  diminishing  of  microhardness  when  the  Sb2S3  is  added  can  be  interpreted  as  a bond 
weakening  during  As  substitution  by  Sb.  For  higher  content  of  Sb  x>0.45  the  prevalence  of  Sb2S3 
microphase,  increases  the  microhardness  (as  observed  in  Fig.  2).  Further  insight  into  the  structure  of 
As2S3-Sb2S3  glassy  systems  can  be  obtained  from  the  REDD  curves. 
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The  position  and  the  area  under  first  peak  (rj  and  Ai)  gives  information  on  the  first  atomic 
coordination  sphere  in  the  system.  Fig.  6a  and  6b  shows  the  evolution  of  the  position  of  the  first 
atomic  coordination  in  the  system  and  of  the  area  (in  electronic  units)  compared  to  the  theoretical  data 
assuming  a linear  variation  of  these  parameters  with  the  composition  (the  case  of  a phase  mixing  in 
the  system). 

The  electron  density  data  for  As2S3  and  Sb2S3  in  the  first  coordination  sphere  were  calculated 
for  the  case  of  3-fold  and  four-fold  coordination  of  As  and  respectively  Sb  in  the  frame  of  a random 
covalent  model,  according  to  the  formulas: 

A3  = 2[3xZAsZs  + ( 1 -2x)Zs2] 

A„  = 2[2x2Zsb2  + (l-x)2Zs2+  3x(l-x)ZSbZs] 
where  Zas,  ZSb,  and  Z$  are  the  number  of  electrons  on  As,  Sb  and  S,  respectively. 

From  Fig.  6 we  may  conclude  that  antimony  enters  into  the  alloy  with  a coordination  number 
higher  than  3.  The  second  peak  in  REDD  curves  gives  the  distances  directly  related  to  the  bond  angle 
on  As,  Sb  and  S atoms. 


Fig.  6.  First  coordination  (position  (a)  and  magnitude  (b))  in  the  system  (As2S3)i. 

x(Sb2S3)x  from  REDD. 

experimental  data; 

-o-  (a)  data  from  literature  [6]; 

-o-  (b)  calculated  values  for  three  coordinated  atoms  As  and  Sb  (case  1 ) and  three- 
coordinated  As  and  four-coordinated  Sb  atoms  (case  2). 

Fig.  7 a,  b shows  the  experimental  numerical  values  for  the  position  and  area  of  the  second 
peak  of  REDD,  together  with  the  calculated  data  and  those  from  literature. 

The  second  coordination  peak  in  the  system  follows  the  general  trend  of  increasing  with  x. 
Nevertheless  the  lower  values  in  the  glass-forming  region  speak  in  favour  of  a more  distortion  of  the 
basical  pyramidal  configurations  As-S3  and  Sb-S3  that  lead  to  lower  bonding  angle  on  the  atoms.  This 
feature  is  correlated  with  the  higher  density  of  glassy  alloys. 

The  area  under  the  second  peak  (A2)  can  be  compared  with  the  theoretical  curves  for  three 
cases,  as  calculated  in  [6]: 

case  C:  crystalline-like  radial  distribution  (Sb2S3); 

case  L:  layer-like  radial  distribution  based  only  on  interlayer  distances  (Sb2S3); 
case  B:  band-like  radial  distribution  based  only  on  interband  distances  (Sb2S3). 

In  the  case  C,  Sb  has  as  second  neighbours  8 Sb  atoms  in  an  anisotropic  coordination;  in  the 
case  L a highly  anisotropic  second  coordination  with  6 Sb  do  exist;  in  the  case  B a Sb  atom  is 
coordinated  to  4 Sb  atoms  in  the  second  coordination  sphere.  It  is  remarkable  that  our  experimental 
points  are  situated  near  the  layered  case.  It  must  be  concluded  that  the  real  amorphous  structure  is 
consistent  with  a model  with  configurations  similar  to  those  in  crystalline  Sb2S3.  In  the  same  time 
glassy  Sb2S3  can  be  classified  as  different  if  compared  to  the  layered  structure  of  As2S3  and  more 
closed  to  the  continuous  random  structure  of  the  type  As2Te3. 
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Fig.  7.  The  position  and  area  of  the  second  peak  in  REDD  compared  with  the  theoretical 
models  (-0-  data  from  literature  [6]). 


The  amount  of  disorder  in  the  system  can  be  investigated  by  means  of  the  half  breadth  (0)  of 
the  distance  distribution  in  the  coordination  spheres,  as  resulted  from  REED. 

Fig.  8 shows  the  widths  of  the  coordination  spheres  for  the  investigated  samples  in  the 
system.  The  width  of  both  coordination  remains  practically  unchanged  when  Sb2S3  is  added  to  As2S3. 

No  significant  modification  of  MRO  is  produced  when  x increases,  as  proved  by  the 
decreasing  tendency  of  0. 


Fig.  8.  The  variation  with  x of  the  breadths  of  the 
first  two  coordination  spheres  in  the  system 
(As2S3)i.x(Sb2S3)x. 


Fig.  9.  The  evolution  of  the  ratio  r2/ri  in  the 
system  (As2S3),.x(Sb2S3)x 
-0-  data  from  literature. 


The  mechanism  of  transition  from  layered  to  continuous  random  network  with  x can  be 
understood  on  the  basis  of  Fig.  9.  In  this  figure  is  plotted  the  ratio  of  the  position  of  the  first  two 
coordination  spheres  for  various  x. 

It  is  remarkable  the  general  tendency  towards  lowering  of  the  bond  angles  in  the  glassy 
system  when  Sb  is  added.  The  non-orpiment  configurations  develop  up  to  x = 0.65.  As-S-Sb  bridges 
lead  to  chain  branching  and  folding  and  to  the  interconnections  of  layer-like  As2S3  configurations. 

From  infrared  reflectance  spectrometry  Kapoutsis  et  al  [27]  have  found  that  the  destruction  of 
As-S-As  bridges  with  increasing  Sb2S3  content  is  accompanied  by  the  creation  of  mixed  As-S-Sb 
bridges,  which  reach  maximum  abundence  at  x = 0.45.  After  x = 0.65  the  Sb2S3  configurations  dictate 
the  structure,  and  the  ratio  r2/n  increases  up  to  Sb2S3  value. 


5.  Conclusions 


The  system  As2S3-Sb2S3  in  glassy  form  represents  an  interesting  transition  from  the  layer-like 
structure  of  As2S3  that  incorporates  step  by  step  more  Sb  atoms  on  the  As  sites  to  continuous  random 
structure  similar  to  As2Te3  structure.  The  transition  to  three  dimensional  structure  (at  x = 0.45)  is 
accompanied  with  a more  and  more  advanced  separation  of  Sb2S3  clusters.  Therefore,  the  transition 
with  x signifies  the  formation  of  a more  homogeneous  structure  at  the  atomic  scale,  although  clusters 
of  Sb2S3  bands  are  practically  sandwiched  with  As2S3  fragments. 
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The  intercalation  of  Sb  atoms  into  the  AS2S3  layer  up  to  saturation  is  proved  by  the  increase  of 
the  quasi-periodicity.  The  intercalation  of  Sb2S3  configurations  is  proved  by  the  decrease  of  the  FSDP 
area.  A model  with  disordered  configurations,  intermediary  between  the  Sb2S3-like  compacted  bands 
where  some  As  are  included,  and  layer-like  configurations,  seems  to  be  realistic  for  this  system. 
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